Taxonomic study of Ordovician (Llanvirn-
Caradoc) Radiolaria from the Southern Uplands
(Scotland, U.K.)

Taniel DANELIAN
Department of Geology and Geophysics.,

The University of Edinburgh, West Mains Road, Edinburgh EH9 3JW (U.K.)

Laboratoire de Micropaléontologie,

Université Pierre et Marie Curie, CNRS-ESA 7073,

C. 104, T. 15-25, 4 place Jussieu, F-75252 Paris cedex 05 (France)
danelian@ccr.jussieur.fr

Danelian T. 1999. — Taxonomic study of Ordovician (Llanvim-Caradoc) Radiolaria from the
Southern Uplands (Scotland, U.K,), in De Wever P. & Caulet J.-P, (eds), InterRad VIil,
Paris/Bierville 8-13 septembre 1997, Geodiversitas 21 (4) :625 -635.

ABSTRACT

Over 100 years ago, Hinde (1890a, b) described Radiolaria in thin sections
from QOrdovician cherts of the Southern Uplands of Scotland and established
for the first time the presence of the group in the Early Palacozoic.
Radiolarians from the Southern Uplands have now been successfully extrac-
ted by hydrofluoric acid leaching and the systematic palaeontology of some
of the yielded morphotypes is discussed herein. The studied fauna come
from two outcrops of radiolarites: one at upper Hawkwood Butn and the

KEYR\XigﬁEf other north-west of the village of Crawford. Amongse the radiolarians extrac-

Ordovician,  ted from the latter outcrop, the genera Inanibigurta and Protoceratoikiscum

Iélamc'llm, are common. The presence of the species fuanibigutta diffusa (Hinde),

Southern U;E:n(é: Inanibigutta (3) minuta Wang and Tnanibigurea sp. of. I verrucula (Nazarov)

Scotland,  allows the correlation of the Crawford fauna with the Haplentactinia juncia-

Unl'“'d Kingdom, Inanigutta unica assemblage in Nazarov's (1988) biozonation, of upper
Q!Pel'us cean,

Caledonides,

radiolarian chert.
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Llanvirn (Llandeilian)-Caradoc age, and with the assemblage documented by
Wang (1993) in China, of earliest Caradoc age.
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RESUME

Etude taxonomique des radiolaires ordoviciens (Llanvirnien-Caradocien) de
Southern Uplands (Ecosse, R.U.).

Des radiolatres ordoviciens ont ¢ié extraits & I'acide fluorhydrique des radio-
larites de I'unicé structurale des Southern Uplands en Ecosse. Erudiés en
lame-mince il y a plus d’un siccle (Hinde 18904, 1) ceux-ci ot servi comme
témoin de la présence certaine de ce groupe dans le Paléozoique inférieur. La
faune ici étudide vient de deux affleurements: 'un des radiotarites rouges
brunitres 2 Hawkwood Burn, ['autre des radiolarites grises qui affleurenc au
nord-ouest du village de Crawford. La paléontologie systémarique de cer-
taines formes intéressantes est ici discutée. Les genres fmaniligurea e
Protocevatoikiscum sont communs parmi les radiolaires extraits des cadiola-
rites de Crawford. La présence des espéces Inantbigutta diffisa (Hinde),
Inanibigutta (2) minuta Wang et Inanibigutta sp. <f. 1. perrucula (Nazarov)
perntet la corrélation de la faune de Crawford avec lassociacion
Haplentactinia juncta-fnaniguna unica de la biozanation de Nazarov (1988),
d’age Llanvimien supérieur (Llandeilien)-Caradocien, ainsi qu’avec Passocia-

Calédonides.

INTRODUCTION

Despite significant improvements in our under-
standing, of Palacozoic Radiolaria over the last
35 years, Carly Palaeownic assemblages are still
poorly documented (Noble & Aitchison 1995).
As a result, our knowledge of the carly stages of
evolution of this significant planktonic group
remains limited, The oldest radiolarian fossils
come from late Cambrian shallow-water lime-
stones of China, from which one species has
been recently described (Dong et al. 1997).
Diversification markedly increased during the
Ordovician and from the limited work that has
been done so far, it is clear that radiolarian evolu-
tionary change during this time was more rapid
than previously believed (Renz 1990). The group
has therefore the potential to become a valuable
biostratigraphic tool for the yet poorly explored
Early Palacozoic interval, with an increasing
number of easily identifiable, diagnostic taxa
(Aitchisan & Noble 1997; Aitchison 1998;
Airchison ez al, 1998).

There are relatively few localites in the world
where well-preserved Ordovician assemblages are
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tion décrite par Wang (1993) en Chine, d’ige Caradocien basal.

known and most of them represent carbonate
platform/slope environments (Fortey &
Holdswarth 1971: Nazarov & Popov 1980:
Webby & Blom 1986; Renz 1990; Wang 1993).
Radiolaria of oceanic affinity are commeon, but
less well preserved, in rocks of deep water origin
such as radiolarites {ribbon radiolarian cherts
with shaly intervals) which are often associated
with remnants of oceanic crust in aceretionary
prisms of ancient subduction zones. They reflect
the significant biogeochemical role that
Radiolaria started to play in the oceans (i.e. the
silica cycle) from the Early Palacozotc.

The occurrence of radiolarians in cherts of the
Southern Uplands terrane (Fig. 1) has been
known lor over a century. Ic was on material
from this region thar Hinde (1890a, b) first esca-
blished the definite presence of Radiolsria in the
Early Palacozoic. Outcrops of radiolarian cherts
were extensively discussed by Peach & Horne
(1899), who were responsible for a major map-
ping compilation of the geology of Southern
Scodand. Radiolaria from the Southern Uplands
have also been reported by Nicholson (1889)
and Smith (1900). The techniques available at
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Fic. 1. — Geological outline of the Southern Uplands. Based on McAdam et al. (1993).

that time only allowed for study of Radiolaria in
thin section, which provided very limited infor-
mation on their morphaology. This was naturally
the case for the single previous taxonomic work
of Radiolaria from the Southern Uplands (Hinde
1890b) in which 23 new species were described.
Recognising the potential of radiolarian studies
in the Southern Uplands, a number of radiolar-
ian chert outcrops have already been examined
and the results briefly reported (Danelian &
Clarkson 1998). This paper focuses on the syste-
muatic study of some of the yielded morphotypes
based on modern radiolarian taxonomy (e.g..
Nazarov & Popov 1980; Nazarov 1988). It
attempis to link matrix-free forms to the species
described originally by Hinde and to gradually
build a detailed and integrated picture of the
radiolarian assemblages occuring in these historic-
ally important Scortish localities.
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Fic. 2. — Simplified stratigraphy for the Lower-Middie
Ordovician of the Southern Uplands, focusing on the Crawford
Group. Lithostratigraphic terminology according to Floyd (1996).
Chronostratigraphy and biostratigraphy from Fortey et al.
(1995).
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Fic. 3. — Gealogical map of the studied localities. A, north-wesl of the village of Crawford (after Leggett & Casey 1980); B, at

Hawkwood Burn (after Clarkson at al. 1993).

STRATIGRAPHICAL FRAMEWORK

The Southern Uplands consist largely of
Ordovician and Silurian sedimentary rocks of
deep-water origin. The oldest rocks at the base of
the succession are composed mainly of basaltic
lavas, radiolarian cherts and siliceous mudstones.
A formal lithosteatigraphy for the Ordovician has
recently been defined by Floyd (1996). The lavas
and radiolarites are part of the Crawford Group
of Arenig-Llanvirn age (sensie Fortey et al. 1995),
although based on recent conodont evidence the
Group probably extends into the Caradoc
(Armstrong er al. 1990, 1996). The overlying
graptolitic shales of the Moffat Shale Group
(Caradoc-Llandovery) are in turn succeeded by
the greywacke successions of the Leadhills
Supergroup (Fig. 2).

Until recentdy. the various outcrops of radiolarian
cherts in the Southern Uplands were considered
as being part of a single continuous stratigraphi-
cal sequence, spanning the Arenig and Llanvirn,
and overlain by the early Caradoc (Nemagraptus
gracilis graprolite biozone) Moffat Shale Group
(Leggert 1978, 1987}, However Armstrong et al.
(1996), after an extensive revision, suggested that
radiolarian cherts could represent two distinet
sedimentary events: one during the mid Arenig
(Oepikadus evae conodont biozone), and one of
latest Llanvirn to earliest Caradoc age (Pygodus
anserinus conodont biozone).
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BIOSTRATIGRAPHICAL DISCUSSION

The fauna discussed herein were extracted from
two chert saniples, one from an ourtcrop along
the lower part of a trackside curting, north-west
of the village of Crawford (National Grid
Reference NS 941 215; Figs 1, 3A) and the other
from radiolarites cropping out at upper
Hawkwood Burn (NS 972 248), a wuibutary of
the Wandel Burn (Figs 1, 3B). Samples were pro-
cessed with the laboratory technique of hydro-
fluoric acid (Dumitrica 1970; Pessagno &
Newport 1972),

Av Hawkwood Burn, the radiotanan cherts are of
red-brownish colour and were recently described
by Clarkson et 2l (1993). From the base of these
cherts a conodont faunule of late Llanvirn
(Llandeilian)-earliest Caradoc age was reported
(Armstrong et al. 1990, 1996). Alrhough radiola-
rian preservation here does not allow any confi-
dent identification of established species, the
fauna scem to be coroparable to the Haplentac-
tinia juncta-Inanigutta unica assemblage of
Nazarov's binzonation (Llandeilian-Caradoc:
Nazarov 1988; Nazarov & Ormiston 1993),
which is consistent with the age given on the
basis of conodons..

ln the second locality, near the village of
Crawford, the radiolarites ure mainly greenish-
grey in colour. No biostratigraphic data other
than that provided by the radiolarians exist for
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the age of this outcrop. The presence of the
genus Protoceratotkiscrom is important because it
suggests a Llanvirn-Caradoc interval (sensu
Fortey et al. 1995) as a first approximation for
the age of these cherts (Danclian & Clakson
1998), The presence of the species fnanibigutta
diffusa, established herein (Fig. 4A-D), now
allows the carrelation of the Crawford fauna
with the Haplentactinia juncta-lnanigutia unica
assemblage of Nazarov's biozonation of late
Llanvirn (Llandeilian)-Caradoc age. Morcover,
the identification ot Inanibigutta (?) minuta
(Fig. 4F-G) and lnanibigutta sp. cf. I, verrucula
(Fig. 4H) allows the correlation of the Crawford
assemblage with the one documented by Wang
(1993) from the Pingliang Formation, dated as
of carliest Caradoc age (common interval be-
tween the V. gracilis and P anserinus biozones).

SYSTEMATIC PALAEONTOLOGY

Subclass RADIOLARIA Miiller, 1858
Superorder POLYCYSTINA Ehrenberg, 1838
emend. Riedel, 1967
Order SPUMELLARIA Ehrenberg, 1857
Family INANIGUTTIDAE
Nazarov & Ormiston, 1984

Genus fnanibigutta Nazarov, 1988

Inanibigutra Nazarov, 1988: 56. — Nazarov &
Ormiston 1993: 35.

TYPE SPECIES, — Entactinosphaera aksakensis Nazarov,
1975.

Inanibigurta diffisa (Hinde, 1890b)
(Fig. 4A-D)

Stauroplegma diffusion Hinde, 1890b: 50, pl. 4, fig. 4.
Entactinosphacra ? diffusa (Hinde) — Nazarov & Popov
1980: 37, 38, exi-fig, 16, plc 2, fig. 4, pl. 13, fig. 8.
Inanibiguita diffusa (Flinde) — Nazarov 1988, fig, 31.

OccURRENCE. — Middle Ordovician (Llundeilan 1o
Lower Caradoc) Bestomakskaya Suite, Eastern
Kazakhstan, southwestern foothills of the Chingiz
Range, Chagan River (Nazarov & Popoy 1980);
Broughtnn Heighis, Pechleshire, Senithern Uplands
(Hinde 1890b); grey radiolarites of the Crawford
track, Southern Uplands, this study.
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MEASUREMENTS (one specimen). — Diameter of the
flattened part of the outer shell, 133-136 pm; diame-
ter of the elongared part of the outer shell, 152-
154 pmy; length of main spines, 40-50 pm; diameter
of inner shell, 63-66 pm.

DESCRIFTION

A nearly spherical outer shell bearing six radia-
ting main spines positioned with hexagonal sym-
metry. The outer shell is perforated by circular to
oval pores of various dimensions. The main
spines are robust, rod-like, and gendy tapering
distally. They are almost half the length of the
diameter of the outer shell. A nuniber of needle-
like secondary spines cover the surface of the
outer shell. The inner shell is relarively small,
peffﬂra[ed and ljnked o the outer Shell througl‘l
radial beams that continue as main spines out-
side the outer shell. Its position is eccentric in rela-

tion to the center of the outer shell (Fig. 4C-D).

REMARKS

The eccentric position of the inner shell was
pointed out by Nazarov (in Nazarov & Popov
1980) and can be observed on the holotype illus-
trated by Hinde (1890b), which is obviously a
section through an equatorial plan encompassing
four spines. Only one specimen in our sample
was 1dentifiable with certainty. Nevertheless,
several other natwurally broken but incomplete
specimens may belong to this species (Fig. 4F).
The dimensions of our specimen correspond pre-
cisely to the ones measured by Hinde (1890b).
However, Nazarov (in Nazarov & Popov 1980)
accepted a larger variability of size for this spe-
cies, espectally as far as the length of spines is
concerned. The latter author also mentioned that
a spongiform texture was observed on the outer
shell of some of his specimens from Kazakhstan.

Inanibigutta () minuta Wang, 1993
(Fig. 4F-G)

Inanibiguta minuta Wang, 1993: 100, pl. 6, figs 9-
12.

OCCURRENCE. — Middle part of the Pingliang
Formation, Gansu Province, China (Wang 1993);
grey radiolarites of the Crawford track, Southern
Uplands, this study.

629



Danelian T.

Fic. 4. — Scanning electron micrographs of radiolaria extracted from cherts of the Southern Uplands. A-D, /nanibigutta diffusa
(Hinde), different views of the same specimen; C-D, view of internal structure after the shell was broken with a razor;
E, ? Inanibigutta diffusa (Hinde); F-G, Inanibigutta (?) minuta Wang; H, Inanibigutta sp. cf. |. verrucula (Nazarov); \, Inanibigutta sp.
cf. 1. aksakensis (Nazarov), J, Inanibigutta (?) sp. A. Scale bar. A, 82 ym; B, 89,5 pm; C, 106 pm; D, 70 pm, E, 76 pm; F, G, 94 ym,

H, 124 ym; 1, 83 ym; J, 129 pm.
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REMARKS

The observed morphotypes are identical to
Inanibigusta minuta as described and illustrated
by Wang (1993). They possess nearly spherical
outer shells with numerous secondary spines, dis-
tally tapering main spines with apophyses in
their proximal part wnd both the outer shell and
main spines have appropriate dimensions. Never-
theless, the attribution of this species to fnanibi-
gutta is questionable because in neither the
type-series (holotype and paratypes), nor in our
material has the exact number of main spines
ever been observed.

Inanibigutta sp. cf. I. Verrucula
(Nazarov i1 Nazarov & Popov, 1976)
(Fig. 4H)

Entactinosphacra verrucnla Nazarov in Nazarov &
Popov, 1976: 408-409, fig. 1d. — Nazarov & Popov
1980: 38-39, text-fig. 17, pl. 3, fig. 6, pl. 11, fig. 6.
Inanibigutta verricula (Nazarov) — Nazarov 1988,
fig. 31. = Wang 1993: 100, pl. 6, figs 2-3, 5-8.

Occurrenct. — Middle part of the Pingliang
Formation, Gansu Province, China (Wang, 1993);
grey radiolarites of the Crawford track, Southern
Uplands, this study.

REMARKS

The illustrated specimen is comparable to /. ver-
rucula as described originally by Nazarov (1976).
The spherical outer shell (diameter: 185 pm) is
perforated by angular to subangular pores and
bears short conoidal secondary spines, as well as
main spinés (length of intact spine: 174 pm).
However, it differs ay main spines are tapering
rather than cylindrical and apophyses tend to be
clustered near the proximal part of the spines.
My material resembles Wang's (1993) specimens
in all respects. This species can be distinguished
from 1. () minuta Wang by the larger size of its
outer shell, of diameter usually greater than
180 pm, and by the longer main spines
(> 150 pm).

Inanibigutta sp.
cf. I aksakensis (Nazarov, 1975)
(Fig. 41)

Entactinosphaera aksakensis Nazarov, 1975: 68, pl. 16,

GEODIVERSITAS « 1999 « 21 (4)
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figs 4-8, pl. 21, fig. 1 (not 2). - Nazarov & Popov
1980; 35, 36, text-fig. 15a-b, pl. 3, figs 8, 9, pl. 8,
fig. 6, pl. 11, figs 8, 9.
Inanibigutea aksakeusis (Nazarov) — Nazaroy 1988,
text-lig. 17, pl. 10, fig. 7-8. — Nazarov & Ormiston
1993: 36, pl. 3, fig. 1,

OCCURRENCE. — Grey radiolarites of the Crawford
track, Southern Uplands, this study.

REMARKS

This morphotype has distally rapering main
spines, small secondary spines on the perforated
outer shell and an inner spherical shell (diameter:
70 pm approximately) comparable to [, aksaken-
sis. However, the size of the outer shell (diamerer
less than 150 pm) is nearly half the size of the
latter species. The holotype of . aksakensis in
Nazarov’s (1975) work is the specimen illustrated
on pl. 21, fig. 1 (sec pl. 3, fig. 8 in Nazarov &
Popov 1980).

Inanibigutta (?) sp. A
(Fig. 4))

OCCURRENCE. — Red-brown radiolarites at
Hawkwood Burn, Seuthern Uplands, this study.

DESCRIPTION

The outer shell is a nearly perfect sphere perfora-
ted by relatively large circular pores. It also bears
small secondary spines. Tivo thin rod-like main
spines, positioned along an axis and almost half
the length of the diameter of the outer shell, dis-
play a few thorn-shaped apophyses.

REMARKS

The nature of the thin rod-like main spines dis-
tinguishes this morphotype from all other
Inaniguctidae. The exact number of spines and
internal structure of the shell are unknown.

Genus [narigutta Nazarov & Ormiston, 1984

Inanigutta Nazarov & Ormiston, 1984: 72, 86. -
Nazarov 1988: 56.

TYPE SPECIES. — Entactinia unica Nazarov, 1975.
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Inanigutta (?) sp. K
(Fig. 5A)

OCCURRENCE. — Grey radiolarites of the Crawford
track, Southetn Uplands, this scudy.

DESCRIFTION

Small inaniguntid with six robust main spines,
four of them situated on an equatorial plane and
the other two along an axis perpendicular w it,
The four equartoria) spines are themselves posi-
tioned along two axes, perpendicular to each
other. All spines are rod-like, gently rapering dis-
tally. Their bases are large, perforated and joined
to the outer perforated shell in such a way as w0
give a bipyramidal outline. No secondary spines
are visible on the surface of the outer shell.

REMARKS
Uncertainty regarding generic assignement is due
to the unknown internal structure of this morpho-

type.

Genus Oriundogurta Nazarov, 1988

Oriundogutta Nazarov, 1988: 57. — Nazarov &
Ormiston 1993: 36, text-fig. 7b.

TYPE SPECIES. — Astroentactinia ramificans Nazarov,
1975.

*Oriundogutta riisti
(Ruedemann & Wilson, 19306)
(Fig. 5B)

? Heliosphaera riisti Ruedemann & Wilson, 1936:
1572, pl. 5, figs 13-15, 31, pl. 7. fig. 8.

? Astroentqctinia ? riisei (Ruedemann & Wilson) —
Nazarov & Popov 1980: 46, ext-fig. 24, pl. 12,
figs 10-11.

OCCURRENCE. — Red-brown radiolarites at Hawk-
wood Burn, Southern Uplands, this study.

REMARKS

The size of the outer shell (diameter 150 pm
approximately) and the presence of stout and
thinner spines are comparable to O. riisti.
Doubts regarding taxonomic assignement remain
owing to uncertainty about the internal structure.
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?Oriundogutta bella Wang, 1993
(Fig. 5C)

? Otiundogusta bella Wang, 1993: 101, pl. 9, figs 1-
13.

OCCURRENCE. — Grey radiolarites of the Crawford
track, Southern Uplands, this study.

REMARKS

Although only six spines are visible, their distri-
bution and angle on the spherical shell suggests
that their total number is possibly eight.

Inaniguttid (?) gen. et sp. indet.
(Fig. SD-E)

OCCURRENCE. — Grey radiolarites of the Crawford
track, Southern Uplands, this study.

DESCRIPTION

Star-shaped shell, lenricular in cross-section, bea-
ring five robust conical spines. The shell is perfo-
rated by numerous pores of various sizes and
shapes (subangular, oval), Pores near the base of
the spines are distinctly larger and elongated,
encompassing part of the spine. The internal
structure is unknown.

Order ALBAILLELLARIA Deflandre, 1953
emend, Holdsworth, 1969
Family CeraToIKISCIDAE Holdsworth, 1969

Genus Protoceratoikiscrum
Goto, Umeda & Ishiga, 1992

Protoceratoikiscum Goto, Umeda 8¢ Ishiga, 1992: 165.

TYPE SPECIES. — [Protoceratotkiscum chinocrystallus
Goto, Umeda & Ishiga, 1992,

Protoceratoikiscum sp.
aft. P similistellatum 1i, 1995
(Fig. SE-G)

aff. Protoceraroikiscum similistellatum Li, 1995: 337,
pl. 2, figs 2, 4.

OCCURRENCE. — Grey radiolarites of the Crawford
track, Southern Uplands, this study.

GEODIVERSITAS = 1999 = 21 (4)
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Fiac. 5 — Scanning electron micrographs of radiolaria extracted from cheris of the Southern Uplands. A, /nanigutta (?) sp. K,
B, ? Oriundogutta risti (Ruedemann & Wilson); C, ? Oriundogutta bella Wang; D-E, Inaniguttid (?) gen. et sp. indet.;
F-G, Protoceratoikiscumn sp. ali. P. similistellatum. Scale bar: A, 51 ym; B, 79 ym; C, 73 pm; D, 85 pmy; E, 72 pm; F, 63 pm; G,
66.5 pm,

DESCRIPTION morphotype is comparable to the species descri-
Three to four spines distributed radially along a  bed by Li (1995). However, it difters in its smal-
semi-circle formed by 1wo to three rows of arches  ler size and the smaller angle berween adjacent
joining the spines. Spines taper gently distally,  spines. Only incomplete specimens were encount-
but also towards the centre very rapidly. ered in the yiclded material.

REMARKS Acknowledgements
From the presence of arches between spines this Financial support from the Royal Society of
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